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(57) A method of controlling the thickness of sheets 
manufactured by the extrusion of a material from a die 
having a plurality of thickness adjusting means by re- 
peating, at specified timings, the following steps of 1) 
measuring the distribution of thickness of the sheets in 
lateral direction, 2) evaluating a predicted future varia- 
tion in sheet thickness by using a specified evaluation 
function and based on a process model representing a 
relation between the amount of operation and the sheet 
thickness and sheet thickness measured values and 
leading an operating amount time series to minimize the 
evaluation function, and 3) outputting at least the initial 
amount of operation of the led operating amount time 
series to the thickness adjusting means. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a method of manufacturing a sheet such as a film, a device for controlling 
thickness of a sheet, a program for controlling thickness of a sheet, and a sheet. 

BACKGROUND ART 

10 [0002] A conventional sheet production process, in which the thickness of a sheet such as a macromolecular film is 
controlled in the transverse direction to have a desired profile such as a uniform thickness, is described below in referent 
to Figs. 2 and 3. 

[0003] A macromolecular polymer as a raw material is extruded from an extruder 3 while being widened in the trans- 
verse direction perpendicular to the paper surface of Fig. 2 using a die 4, to form a sheet 1 , and the sheet 1 is stretched 

is by a stretching machine 2 in the machine direction (sheet running direction) and the transverse direction (sheet trans- 
verse direction), and sheet 1 is wound by a winder 6. The die 4 has plural thickness adjusting means 10 provided at 
equal intervals in the transverse direction. The thickness adjusting means, for example, heaters or gap adjusters, have 
function of changing the amounts of the discharged polymer. A thickness gauge 8 measures the thickness distribution 
of the sheet 1 in the transverse direction of the sheet, and a control means 9 manipulates plural thickness adjusting 

20 means 1 0 based on the measured values at the positions corresponding to the respective thickness adjusting means. 
[0004] Widely used control means is composed of control loops independently provided for the respective thickness 
adjusting means, and for each of the control loops, this control means carries out known PID control, in which the result 
of the proportional-plus-integral-plus-derivative computation of the deviation between a measured thickness value and 
a target value is delivered as a manipulated variable to each of the thickness adjusting means. Japanese Patent No. 

25 3,021 ,135 discloses a thickness controller using modem control theory as the thickness control means. 

[0005] The above-mentioned conventional control system, in which independent control loops are provided for the 
respective thickness adjusting means, cannot perform sufficiently satisfactory control yet. One of the reasons is that 
if one of the thickness adjusting means is manipulated, an interference phenomenon occurs in which the sheet thickness 
vary also at the positions corresponding to the adjacent thickness adjusting means. For this reason, the control loops 

30 corresponding to the respective thickness adjusting means interfere with each other, and even if the manipulated 
variables are computed based on the deviations between the thickness values and the target values of the correspond- 
ing positions, for control, it can happen that thickness distribution dose not approach the target values affected by the 
adjacent adjusting means or that the speed of approaching the target values is very slow. 

[0006] As another reason, there is a time lag after one of the thickness adjusting means is manipulated till the result 
35 is reflected in the thickness result at the corresponding position, that is, a delay time so-called in control occurs. So, if 

the gain of PID control is made larger, too much manipulation is carried out before the result of the manipulated variable 

delivered to the thickness adjusting means is reflected in the thickness result at the corresponding position, and the 

control becomes unstable. Therefore, the gain of control must be kept small to stabilize the control, and the control 

system is poor in quick responsiveness. 
40 [0007] Meanwhile, in the case where, for example, a polyester film is wound as a roll, it can happen that the wound 

roll is wrinkled or streaked or disfigured at end faces, to extremely lower the value of the produced roll, or even to 

completely loose the commercial value. 

[0008] To avoid this problem, it is proposed to improve the surface properties of the film, or to decrease the thickness 
irregularity, or to disperse the thickness irregularity in the transverse direction of the film by oscillation. 
45 [0009] However, the above-mentioned prior art have such a problem that the properties of the film have to be 
changed, or that the productivity must be lowered, or that the improvement is insufficient. Especially when it is attempted 
to obtain a thinner film, these problems become more significant. 

[0010] Furthermore, in recent years, the requirement for better roll form becomes more intensive, and oscillation 
cannot solve the problem any more. 
50 [0011] The invention has been completed to solve these problems. Objects of the invention are to provide a sheet 
thickness controller that can uniformly and stably control the thickness of a sheet in the transverse direction over the 
entire width, and to provide a process for producing such a sheet. 

[001 2] Another object of the invention is to provide a roll which form has less wrinkles and streaks, with the productivity 
sustained at a high level without changing the properties of the sheet. 

55 

DISCLOSURE OF THE INVENTION 

[0013] The invention provides a method of manufacturing sheet, in which a raw material is extruded and molded into 
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a sheet using a die with plu ral thickness adjusting means and the thickness of said sheet is controlled by the manipulated 
variables applied to said thickness adjusting means, characterized by repeating, at predetermined intervals, a step of 
measuring the thickness distribution of the sheet in the transverse direction, a step of deriving manipulated variable 
time series in which a predetermined evaluation function for evaluating the future sheet thickness changes predicted 
5 based on said measured values and on a process model expressing the relation between said manipulated variables 
and sheet thickness values becomes a minimum value, and a step of delivering at least the first manipulated variables 
of the derived manipulated variable time series to said thickness adjusting means. 

[0014] The invention provides also a device for controlling sheet thickness, in which manipulated variables are applied 
to sheet thickness adjusting means at corresponding positions based on the measured sheet thickness values at 

10 respective positions of a sheet in the transverse direction measured by a thickness measuring means for measuring 
the thickness distribution of the sheet in the transverse direction; comprising a manipulated variable time series deriving 
means for deriving manipulated variable time series in which a predetermined evaluation function for evaluating the 
future sheet thickness changes predicted based on said measured values and on a process model expressing the 
relation between said manipulated variables and sheet thickness values becomes a minimum value and a manipulated 

15 variable delivering means for delivering at least the first manipulated variables of the derived manipulated variable time 
series to said thickness adjusting means. 

[0015] Moreover, the invention provides a program, for letting a computer perform the action of repeating, at prede- 
termined intervals, a step of entering the measured thickness values at the respective positions of a sheet in the 
transverse direction, a step of computing the differences between the target thickness values and the measured thick- 

20 ness values at the respective positions, and a step of computing the manipulated variables to be applied to thickness 
adjusting means based on the differences at the respective positions, characterized in that the step of computing 
manipulated variables includes a step of deriving manipulated variable time series in which a predetermined evaluation 
function for evaluating the future sheet thickness changes predicted based on said measured values and on a process 
model expressing the relation between said manipulated variables and sheet thickness values becomes a minimum 

25 value and a step of delivering at least the first manipulated variables of the derived manipulated variable time series 
to said thickness adjusting means. 

[0016] Still furthermore, the invention provides a sheet, obtained by extruding and molding a raw material using a 
die with plural thickness adjusting means, characterized in that the power spectrum of the thickness profile of the sheet 
in the transverse direction expressed by the following formula 

30 



(where f(x) is the thickness profile of the sheet in the transverse direction (in u.m), F(to) is the Fourier transform of f{x), 
40 x is a position in the transverse direction of the sheet (in m), u> is a wave number (in nr 1 ), and F(w)* is the conjugate 
complex number of F(o>); and j is an imaginary number, and j 2 = -1) and the average sheet thickness T (u.m) satisfy 
the following relation: 

The mean value X1 of the powers of smaller than a predetermined wave number a is 0.2 x T 2 or less and is smaller 
than the mean value X2 of the powers of wave number a and larger. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

so Fig. 1 is a sheet thickness control flowchart in an embodiment of the invention. 

Fig. 2 is a schematic view of system of sheet production equipment in an embodiment of the invention. 

Fig. 3 is an enlarged perspective view of a key portion of the die shown in Fig. 2. 

Fig. 4 is a diagram showing the basic constitution of thickness control in an embodiment of the invention. 

Fig. 5 is a flowchart showing a control means design method in an embodiment of the invention. 
55 Fig. 6 is a drawing showing the relation between thickness adjusting means and sheet thickness measurement in 

an embodiment of the invention. 

Fig. 7 is a diagram showing a pattern of manipulated variables in an embodiment of the invention. 
Fig. 8 is a diagram showing the details of a control means in an embodiment of the invention. 
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Fig. 9 is a flowchart for leveling the manipulation variables in an embodiment of the invention. 
Fig. 10 is a flowchart for leveling the manipulation variables in an embodiment of the invention. 
Fig. 11 is a block diagram showing a sheet thickness control process in an example of the invention. 
Fig. 12 Is a diagram showing the change of sheet thickness with the lapse of time in the case where a heat bolts 
s is alternately pushed or pulled, in an embodiment of the invention. 

Fig. 13 is a diagram showing the change of sheet thickness with the lapse of time in the case where the heat 
quantity is large or small, in an embodiment of the invention. 

Fig. 14 is a block diagram showing a sheet thickness control process in an embodiment of the invention. 
Fig. 15 is a side view of a produced roll having a winding mound. 
10 Fig. 1 6 shows a result of sheet thickness control in the sheet production in a conventional process. 

Fig. 17 shows a result of thickness control in the sheet production in an example of the invention. 
Fig. 18 is a diagram showing a film thickness distribution in the case where the film thickness is controlled using 
the process of the invention. 

Fig. 19 is a diagram showing a film thickness distribution in the case where the film thickness is controlled using 
is a conventional process. 

Fig. 20 is a diagram showing a pattern of manipulated variables in an embodiment of the invention. 

Fig. 21 is a diagram showing a pattern of differential values of the respectively adjacent manipulated variables in 

Fig. 20. 

Fig. 22 is a graph showing a result of thickness control used in a production of sheet in an embodiment of the 
20 invention. 

Fig. 23 is a graph showing a result of thickness control used in a production of sheet in the case where manipulated 
variables are leveled by a conventional method. 

Fig. 24 is a diagram showing a pattern of manipulated variables in an embodiment of the invention. 
Fig. 25 is a diagram showing a manipulation result in an embodiment of the invention. 
25 Fig. 26 shows the sheet thickness pattern corresponding to positions shown in Fig. 6. 

Fig. 27 shows the sheet thickness pattern corresponding to positions shown in Fig. 7. 

Fig. 28 is a graph showing a result of thickness control in sheet production in the case where manipulated variables 
are leveled by a conventional method. 

Fig. 29 is a diagram showing the change of film thickness with the lapse of time in the case where heat bolts are 
30 heated in an embodiment of the invention. 

Fig. 30 is a diagram showing the change of film thickness with the lapse of time in the case where heat bolts are 
cooled in the example shown in Fig. 29. 

Fig. 31 is a graph showing an outer diameter profile of a produced roll in the examples shown in Figs. 29 and 30. 
Fig. 32 is a diagram showing the power spectrum of the sheet thickness profile in the transverse direction in an 
35 embodiment of the invention. 

< Meanings of symbols > 

[0018] 

40 

1: Sheet 

2: Stretching machine 
3: Extruder 
4: Die 

45 5: Cooling roll 

6: Winder 

7: Carrier roll 

8: Thickness meter 

9: Control means 
50 10: Thickness adjusting means 

11: Slit 

21: Manipulated variable computing means 
22: Manipulated variable delivering means 
23: Manipulated variables 
55 24: Measured thickness values 

25: Deviation data 
26: Sheet production process 
27: Manipulated variables to be corrected 
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28: Manipulated variable computing means 

211 : Basic heat quantity computing means 

212: Control heat quantity computing means 

213: Control differential value computing means 
5 21 4: Heat quantity computing means 

30: Change of sheet thickness with the lapse of time in the case where a heat bolt is pulled 

31 : Change of sheet thickness with the lapse of time in the case where a heat bolt is pushed 

32: Sheet thickness variation after lapse of certain time in the case where a heat bolt is pulled 

33: Sheet thickness variation after lapse of certain time in the case where a heat bolt is pushed 
10 34: Certain period of time after applying a heat quantity 

35: Change of sheet thickness with the lapse of time in the case where the heat quantity is large 

36: Change of sheet thickness with the lapse of time in the case where the heat quantity is small 

37: Change of sheet thickness with the lapse of time in the case where the time constant is smaller than that of 36 

40: Second desired value correcting means 
is 41 : Integrating means 

42: First desired values 

43: Second desired values 

44: Deviations 

50: Produced roll 
20 51: Paper tube 

;v 52: Winding mound , 

60: Manipulated variable to be corrected 

71 : Change of film thickness with the lapse of time in the case where heat bolts are pushed 
72: Functional approximation curve of 71 
25 73: Change of film thickness with the lapse of time in the case where heat bolts are pulled 

74: Functional approximating curve of 73 
75: 10% variation of film thickness 
76: 90% variation of film thickness 

81 : Outer diameter profile of a produced roll in the case where the film is produced by a conventional process 
30 82: Outer diameter profile of a produced roll in the case where the film is produced by the process of the invention 

90: Power spectrum 

THE BEST MODES FOR CARRYING OUT THE INVENTION 

35 [0019] The invention is described below in reference to drawings. 

[0020] An example of the sheet production process, in which the thickness of a sheet such as a macromolecular film 
is controlled in the transverse direction of the sheet to have a desired profile, such as a uniform thickness, is described 
below in reference to Figs. 2, 3 and 4. 

[0021] Fig. 2 is a schematic view of general sheet production equipment, and Fig. 3 is an enlarged perspective view 
40 of the die shown in Fig. 2. 

[0022] Fig. 4 is a block diagram showing a method of controlling the sheet thickness. 

[0023] A polymer is extruded from an extruder 3 and widened in the transverse direction perpendicular to the paper 
surface of Fig. 2 by a die 4, to form a sheet, and the sheet is stretched in the machine direction and in the transverse 
direction by a stretching machine 2, and wound by a winder 6. 

45 [0024] The die 4 has plural thickness adjusting means 1 0 disposed at equal intervals in the transverse direction. The 
thickness adjusting means 10 can be either of bolt method or heater method; according to the bolt method, bolts as 
thickness adjusting means are disposed to change the gap 11 of the die 4 mechanically, thermally or electrically for 
changing the amount of the discharged polymer, and according to the heater method, heaters as thickness adjusting 
means are disposed and changes the generated heat for changing the viscosity, hence flow velocity of the polymer at 

so the portion, for changing the discharged amount. Furthermore, the sheet production equipment is provided with a 
thickness gauge 8 for measuring the thickness distribution of the sheet in the transverse direction and a control means 
9 for controlling the thickness adjusting means 10 based on the thickness distribution. 

[0025] The thickness gauge 8 measures the thickness values of the sheet as a thickness distribution in the transverse 
direction of the sheet. The thickness meter 8 can be any optional thickness measuring instrument that uses the ab- 
55 sorptivity of p rays, infrared rays, ultraviolet rays, X rays or the like, or the light interference phenomenon, etc. 

[0026] The control means 9 receives the measured sheet thickness distribution values in the transverse direction 
measured by the thickness gauge 8, and obtains the measured sheet thickness values corresponding to the respective 
manipulating points of the thickness adjusting means 10 from them, and derives the manipulated variables for the 
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respective manipulating points by computing the control actions based on the measured sheet thickness values cor- 
responding to the respective manipulating points as described later by using a manipulated variable computing means 
21 , and delivers the manipulated variables to the respective manipulating points at predetermined intervals by using 
a manipulated variable delivering means 22. 

5 [0027] The manipulated variables for the respective manipulating points are applied to the thickness adjusting means 
10 through a power unit not illustrated. In the case of the heat bolt method for thermally expanding and contracting 
bolts, the power unit supplies electric powers to the heaters attached to the bolts, to heat the bolts which are expanded 
or contracted depending on the powers, for adjusting the gap 1 1 . Also in any other method, electric powers are supplied 
to actuate the thickness adjusting means 10, and the actuated thickness adjusting means control the sheet to have a 

10 target profile. 

[0028] The action of the control means 9 is described below in detail. 

[0029] Fig, 1 is a flowchart of the control means 9. At every time point t (t = 0, 1 , 2, ...) after start of control, the sheet 
thickness distribution measured by the thickness meter 8 is applied to obtain the measured sheet thickness values 
corresponding to the respective manipulating points of the thickness adjusting means 10, and in the manipulated var- 
15 lable time series deriving step described later, manipulated variable time series are derived. Then, in a manipulated 
variable delivering step, the manipulated variables to be actually delivered to the thickness adjusting means 10 are 
decided from the derived manipulated variable time series, and are delivered. This process is repeated till the control 
is completed. 

[0030] The following description is made using discrete times. It is preferable that each control time interval is the 
20 time taken for the thickness gauge 8 to measure the thickness distribution of the sheet 1 in the transverse direction of 
the sheet, or a multiple of the time. Ordinarily, the intervals are tens of seconds to several minutes. The control timings 
are not necessarily required to be fixed cycles, and can be changed as required, depending on the stability condition 
of the process, etc. For example, in the beginning of production, the control can be carried out at short cycles, and 
during stable production, the control can be carried out at long cycles. 
25 [0031] In the case where a process model is used, when a certain manipulated variable time series is delivered, how 
the sheet thickness will change can be predicted. In the manipulated variable time series deriving step, what manipu- 
lated variables should be delivered for control to optimize the predicted sheet thickness, that is, to keep a predetermined 
evaluation function at a minimum value. 

[0032] The computation in the manipulated variable time series deriving step is to obtain manipulated variable time 
30 series from a predetermined manipulated variable time series deriving formula using the measured sheet thickness 
values and the manipulated variables delivered till then. The concept for arriving at this manipulated variable time 
deriving formula is described below. 

[0033] At first, considered is a process model expressing how the sheet thickness changes when manipulated var- 
iables are applied to thickness adjusting means 10. This process model expresses, as a numerical formula, the lag in 

35 the action of the thickness adjusting means after the delivery of the manipulated variables, the delay time taken for the 
sheet 1 to be carried from the die 4 to the position of the thickness meter 8, and the delay time taken for the thickness 
meter 8 to measure the thickness profile in the transverse direction, and also the interference that when one thickness 
adjusting means is manipulated, the sheet changes in thickness at the positions corresponding to the adjacent thickness 
adjusting means. As far as the above conditions are satisfied, any process model can be used. However, if an individual 

40 model is used for each thickness adjusting means, enormous time and labor are needed, and the time series deriving 
formula becomes too complicated. So, it is preferable that the process model is expressed using a product obtained 
by multiplying a scalar transfer function expressing the relation between the manipulated variables of thickness ad- 
justing means and the film thickness values at the corresponding positions, by a constant matrix expressing the inter- 
ferences between individual thickness adjusting means in which at least the diagonal component is not zero. With this, 

45 the manipulated variable time series computation can be simplified. Such a process model can be expressed by the 
following formula using, for example, a discrete time transfer function. 



[0034] In the above formula, y M and u respectively are the sheet thickness values and manipulated variables at the 
55 measuring positions corresponding to respective thickness adjusting means, being vectors having elements as many 
as the number N of thickness adjusting means 10; p and q are the degrees of the discrete time transfer function; and 
a and b are the respective coefficients; and p, q, a and b are decided considering the delay time and lag in the actual 
sheet production process. 



Formula 1 : 
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[0035] W is an N x N matrix expressing the interferences between the individual thickness adjusting means, and 
expressed by the following formula. 



Formula 2t 
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[0036] In the above formula, a 1 0) is the rate at which the sheet thickness values at the positions corresponding 
to one of the first adjacent thickness measuring means change, and a 2 0) is the rate at which the sheet thickness 
values at the positions corresponding to one of the second adjacent thickness adjusting means change. They are 
called interference rates in this specification. When a certain thickness adjusting means is manipulated, the sheet 
thickness at the sheet thickness measuring position corresponding to the thickness adjusting means changes, and the 
interference rates are the values expressing how much the sheet thickness changes at the measuring positions cor- 
responding to the adjacent thickness adjusting means in this case. That is, when a certain thickness adjusting means 
is manipulated, the sheet thickness changes not only at the manipulating position but also in a certain peripheral region 
due to the rigidity of the die and the influence in the stretching process. 

[0037] In the above formula, the rate at which the sheet thickness values at the positions corresponding to both the 
third and farther adjacent thickness adjusting means change is assumed to be 0, but a 3 0) and more may also be 
considered. However, it is preferable to assume that ct 3 0) and rates at farther thickness adjusting means are 0, 
since the computation is simpler with little effect on the computation result. Furthermore, as described later, the values 
of a 1 and a 2 of respective rows can also be different from row to row. 
[0038] From the process model, if 

B, = bjW, 

the sheet thickness y M (t) at time point t can be expressed by Formula 7: 



+ B 1 u(M)+B 2 i;(f-2)+-+B <7 Lf(Ng) 
Ay M (t) = y M (t)-y M (M), 



Furthermore, if 



55 



and 



Au(t) = u(t)-u(M), 
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the sheet thickness values y M (t + 1) and y M (t + 2) at future time points t + 1 and t + 2 can be expressed respectively 
by Formula 8: 

5 y M (M) = y M (0+a 1 Ay M (f)+fl2AyM(f-1)+- + a^y M (M-p) 

+ B 1 AU(r)+B 2 Au(M)+-»+B q Aiy(f+1-q) 

j^(' + 2) = y„(0 + (^ 

+ B 1 AM(^l) + ((l + a l )B 1 +B 2 )6W(0 + -+(l+^K^(^l-9) 

If this is applied recursively, the sheet thickness values y M (t + j) at time point t + j (j > 1) can expressed as follows, 
15 using sheet thickness values y M (t - 1), .... y M (t - p), and manipulated variables u(t - q), .... u(t + j - 1). 

Formula 9: 

20 y M (t+j) = y M (0+^ 1 Ay A f(0+^2AyM( f - 1 ) + - + ^p A V/w(^ 1 -p) 

+ g lA A u( f+y-1 )+ Oy 2 A u( f+/-2)-H«+flf ; q &u(t+'\-q) 

[0039] In the above formula, the sheet thickness values y M (t - 1), .... y M (t - p) and manipulated variables u (t - 1), .... 
25 (t - p) are known at time point t, and g and h can be obtained from the coefficients a and b of the transfer function 
shown in formula 1 and are known beforehand from the above process model. So, it can be said that the future sheet 
thickness values y M (t + j) can be calculated if the manipulated variable time series u (t), u (t + j - 1) delivered after 
the time point t are known. 

[0040] The above sheet thickness values are obtained from a process model. However, the process model does not 
30 perfectly agree with the actual process, and the actual sheet thickness values become different because of various 
disturbances, etc. Therefore, even if the sheet thickness values in the far future are obtained to derive the evaluation 
function for optical control, the manipulated variables are decided using uncertain information with large errors after 
all unpreferably. So, considered are finite periods of time such as time m (an integer larger than 0) taken to change 
the manipulated variables and the time P (an integer larger than 0) taken to obtain the sheet thickness values. That 
35 is, in the case where the manipulated variables are changed from time point t to t + m - 1 and kept constant thereafter, 
the sheet thickness values of the period from time point (t + L) to (t + L + P -1) (L is an integer) can be expressed by 
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Formula 10: 
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The above can be expressed as a vector matrix as follows. 

Formula 11: 
Ym - r^o + G^u n + G 0 Au 0 + Q c Ay M 

[0041] The above is the future sheet thickness values derived from the process model. On the other hand, at time 
point t, the thickness gauge 8 measures the actual sheet thickness distribution, and from it, the actual sheet thickness 
values y (t) corresponding to the respective manipulating points of the thickness adjusting means 10 can be known. 
So, if they are used to predict the sheet thickness values at time point t + J, the prediction formula y P (t + j) Is 

Formula 12: 

y P (^y) = /M(^') + y(0-y/ W (0 

As described above, the formula for predicting the sheet thickness values in the period from time point (t + L) to (t + L 
+ P-1)is, 

Formula 13: 
yp = y + G^U n + G 0 AU 0 + Q 0 Ay /w 



In the above formula, y is a vector as an array of M vectors y (t) respectively having elements as many as N. That is, 
so y p is time series expressing the future sheet thickness changes predicted from the above formula. 

[0042] Now, considered is the evaluation function for evaluating to ensure that the thickness prediction formula is 
optimized. 

[0043] At first, from the sheet thickness profile y (t) measured as of time point t, set is a reference orbit y R (t + j) (| = 
1 , 2, ...) arriving at the desired thickness profile r (vector with N elements) at time point t + j. 
55 [0044] The reference orbit can be set as required according to a conventional method. It can be expressed by, for 
example, 
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Formula 14: 

If p is made closer to 0, an orbit for approaching the designed profile r faster is obtained. It is desirable that the deviation 
(quadratic form of it) between the sheet thickness prediction formula and this reference orbit is smaller. 
10 [0045] On the other hand, for the manipulated variables, it is desirable that the changes Au of manipulated variables 
are smaller. Considering the above points, as the evaluation function J, 
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Formula 15: 



J -k-y J A V,-y> AU n V au„ 



20 is used, and the manipulated variable time series in which this function become a minimum value are derived. In the 
above formula, 
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[0046] In the above formula, the first term relates to the deviations between the reference orbit and the predictive 
thickness till the target thickness values are reached, and the second term relates to manipulated variables. A and «F 
decide the respective degrees of contribution. 

[0047] In general, in the beginning of film production, since the deviations from the desired thickness values are 
large, large manipulated variables should be applied to quickly make the deviations smaller, and during stable film 
production, large manipulated variables should not be applied since the deviations are small. So, it is preferable to 
prepare evaluation functions different in said relation between A and V, to ensure that the contribution of 4> relating to 
the manipulated variables is kept small in the beginning of film formation and that the contribution of ¥ is kept large 
during stable film formation. 

[0048] In this case, the necessary condition to ensure that the evaluation function J takes a minimum value is 

Formula 17: 
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and the AU n satisfying the above is 
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Formula 18: 

au„ -(G/AG, +V)' l G F T A(y R -y -G 0 *u 0 -Q 0 *y„) 

and this is the manipulated variable time series deriving formula. 

[0049] That is, in the manipulated variable time series deriving step, the measured sheet thickness values y(t) ob- 
10 tained in the previous step are substituted into the y and y R of the above formula, and Au 0 and Ay M are updated based 
on the information of till time point t-1 , to derive the variations Au n of the manipulated variable time series, for deciding 
u(t), u(t + m- 1) from them. 

[0050] Then in the manipulated variable delivering step, from the manipulated variable time series decided above, 
u(t) only is actually delivered to the thickness adjusting means 10. 
15 [0051 ] The manipulated variable time series deriving step and the manipulated variable delivering step are repeated 
at time points t, t + 1 , t + 2, ... That is, at time point t + 1 , decided are u(t + 1 ),..., u(t + m) using the manipulated variable 
time series deriving formula, with the newly measured y(t + 1) and the previously delivered u(t) as known values, and 
among them, u(t + 1) is delivered to the thickness adjusting means 10. 

[0052] The manipulated variable time series deriving step can be repeated every time point as described above. 
20 Furthermore, it is also possible to derive manipulated variable time series, for example, at time points t, t + s, t + 2s at 
s cycles, where s is an integer in a range of 2 ^ s ^ m, and to deliver the u(t), .... u(t + s -1) derived at time point t in 
the period from t to t + s - 1 . 

[0053] The above-mentioned control action computation allows the sheet thickness values to be controlled to have 
a target thickness profile quickly and high accurately. That is, a process model, which formulates the interference 

25 phenomenon that if one thickness adjusting means is manipulated, the sheet thickness values at the portions corre- 
sponding to the adjacent adjusting means are changed, and which also formulates the delay time and lag after ma- 
nipulating one thickness adjusting means till the result appears in the measured thickness value at the corresponding 
position, is used to decide a thickness prediction formula, and the manipulated variable time series for optimizing the 
formula are decided and added. So, the sheet thickness values converge on the desired values very quickly and very 

30 high accurately. 

[0054] Furthermore, even if actually measured thickness values y become different from the prediction formula y p 
as in the case where the process model contains an error or where any other disturbance occurs, quasi-optimum 
manipulated values can be decided through control without causing the deviations due to the error or disturbance of 
the model to be accumulated, if the decision of the prediction formula and the decision of optimum manipulated variable 
35 time series are frequently carried out using newly measured thickness values y. So, the sheet thickness values can 
be controlled to approach the desired values quickly and very high accurately, 

[0055] A parametric model is described above as the process model. However, for example, the following models 
can also be used: an impulse response model that describes how the sheet thickness values change at time points t 
= 1, 2, 3, when impulse-wise outputs are given as manipulated variables to the thickness adjusting means 10 at 
40 time point t = 0; a step response model that describes how the sheet thickness values change at time points t = 1 , 2, 
3, ... when step-wise outputs are given as manipulated variables to the thickness adjusting means 10 at time point t = 
0; and a state space model that uses state variables to describe the relation between manipulated variables and state 
variables and the relation between state variables and sheet thickness values. 

[0056] In the above-mentioned sheet production process, in the case where a sheet is stretched in the transverse 
45 direction, the stretching condition can be regarded to be almost constant in the transverse direction in the central portion 
of the sheet, but as shown in Fig.6 edge portions of the produced sheet are likely to be affected by the neck-in phe- 
nomenon that the sheet width becomes more narrow immediately after the raw material has been discharged from the 
die 4 than the width achieved while the raw material is discharged, or by the polymer flow at the die edge portions. So, 
the sheet is stretched at the edge portions under conditions different from those in the central portion. Since the edge 
so portions are greatly affected by process conditions than the central portion, in the case where the sheet thickness 
control means is designed, it is preferable that the process model is set differently in the portions corresponding to the 
edge portions and the central portion in the transverse direction of the sheet as shown in Fig. 1 . It is more preferable 
to set the parameters participating in the decision of the control means, for example, the process gain and interference 
rate differently for the respective portions. 
55 [0057] A process gain refers to the rate of the controlled variable change to the manipulated variable change. That 
is, it refers to a value how much the thickness of the sheet changes when a manipulated variable applied to the sheet 
thickness adjusting means is changed by a unit quantity. 

[0058] The borders between the central portion and the edge portions can also be decided in reference to the film 
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forming conditions such as the stretching ratio in the transverse direction of the sheet and the sheet thickness and the 
distribution of sheet thickness values dispersed in the transverse direction of the sheet. It is also preferable to change 
the borders depending on the state of film production, for example, to set the width of the central portion at 70 to 80% 
and the width of the edge portions at the balance in the state of stable film production and to set the width at 60% or 

5 less when the sheet thickness in the transverse direction is not stable as in the beginning of film production. 

[0059] As for the process gains, it is preferable to keep the process gains in the edge portions smaller than the 
process gains in the central portion, since it can happen that in the edge portions of the sheet, the sheet thickness 
does not change so much as in the central portion as shown in the thickness distribution of Fig. 6 due to the structural 
limit of the die and the buffer effect of the polymer at the die edge portions, even if the manipulated variables for the 

10 sheet thickness adjusting means are changed by a certain quantity. That is, since the die may be fixed at the outermost 
edge portions or since the several thickness adjusting means in the outermost edge portions may be fixed, it can 
happen that even if manipulated variables are applied to the sheet thickness adjusting means to keep the sheet thick- 
ness thinner in the edge portions, the actually actuated strokes of the thickness adjusting means become small, and 
furthermore, that since the polymer flow at the die edge portions flow in, the actual sheet thickness in the edge portions 

15 does not become as thin as that in the central portion. Similarly, even if manipulated variables are applied to the sheet 
thickness adjusting means to make the sheet thickness thicker in the edge portions, it can happen that the actually 
actuated strokes of the thickness adjusting means become small, or that since the polymer flows partially into the die 
edge portions, the actual sheet thickness in the edge portions does not become as thick as that in the central portion. 
[0060] As for the interference rates, it is preferable that the interference rates at the positions corresponding to the 

20 adjacent adjusting means in the edge portions are larger than in the central portion. The reasons are the same as 
those described for the process gains. Since the die may be fixed at the outermost edge portions or since several 
thickness adjusting means in the outermost edge portions may be fixed, it can happen that when manipulated variables 
are applied to the sheet thickness adjusting means in the edge portions, the differences from the actually actuated 
strokes at the positions of the adjacent thickness adjusting means become small, and that since the polymer flow at 

25 the die edge portions causes buffer action, the differences between the actual sheet thickness values in the manipulated 
positions and those in the positions corresponding to the adjacent thickness adjusting means become small. 
[0061 ] Furthermore, for the above reasons, instead of setting the interference rates in the edge portions symmetrically 
about a manipulated position, the interference rates on the edge portion side can be kept large while those on the 
central portion side are kept small. 

30 [0062] Moreover, both the process gain and interference rate can be set respectively differently for the right and left 
edge sides in the sheet running direction. 

[0063] To decide the process gains and interference rates in the central portion and the edge portions used for 
expressing the process model, it is preferable to measure the step responses of the thickness adjusting means. That 
is, if step-wise changing manipulated variables are applied to thickness adjusting means representing the edge portions 
35 and thickness adjusting means representing the central portion, the process gains and interference rates in the edge 
portions and the central portion can be measured from the changes in sheet thickness caused in this case. 
[0064] A method of designing the control means 9 based on the process gains and interference rates decided ac- 
cording to the above methods is described below. 

[0065] When the control means is designed, the control parameter is decided according to the method shown in Fig. 

40 5. The control parameter to be decided depends on the design method. At first, a process model is prepared based 
on the process gains, interference rates and delay time decided according to the methods of the invention. Since the 
process gains in the edge portions of the film are smaller than those in the central portion, the control parameter is 
adjusted to keep the control gains in the edge portions larger than those in the central portion, and the process model 
is used to simulate the changes of sheet thickness. If the control performance such as the control accuracy and the 

45 responsiveness obtained by the simulation is better than the preset standard values, the design parameter concerned 
is employed. If the control performance is not good, the control parameter is re-adjusted to carry out the simulation. 
This work is repeated to decide the optimum control parameter. 

[0066] If a process model prepared according to the invention is used to simulate the changes of sheet thickness 
for deciding the control parameter of the control means as described above, a sheet can be produced efficiently since 

50 it can be avoided to decide the control parameter by trial and error while forming the sheet. 

[0067] If a process model suitable for the central portion and the edge portions respectively is used for control as 
described above instead of controlling the sheet uniformly entirely in the transverse direction of the sheet, the sheet 
thickness can be controlled accurately and stably even at the edge portions of the sheet that are likely to be affected 
by the neck-in phenomenon and the polymer flow at the die edge portions, hence likely to be unstably controlled. 

55 [0068] Meanwhile, since the die 4 is provided with integral lips in the transverse direction of the sheet, the manipulated 
variable applied to each thickness adjusting means 1 0 also affects the positions of the near thickness adjusting means. 
So, in a state where the differences between the manipulated variables of the respective near thickness adjusting 
means are excessively large, even if the differences between the manipulated variables of the respective near thickness 
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adjusting means are made larger, the form of the gap cannot follow the differences of manipulated variables. For this 
reason, the manipulated variables can less affect the changes of gap form of the die, and since the gap adjusting 
capability becomes low, the sheet thickness control accuracy declines. 

[0069] Therefore, in the sheet production process of the invention, in the case where the number of thickness ad- 
5 justing numbers is N (N: a natural number of 2 or more), it is preferable that in the case where the differences between 

the computed manipulated variable of the i-th (i = 1 , 2 N) thickness adjusting means and the manipulated variables 

delivered to the thickness adjusting means near said means are not smaller than a predetermined value T, the manip- 
ulated variable delivered to said i-th thickness adjusting means is corrected to keep the differences of manipulated 
variables smaller, while the manipulated variables delivered to said near thickness adjusting means are corrected 
10 based on a static process modei expressing the static relation between manipulated variables to be delivered and the 
sheet thickness values at the position corresponding to the respective thickness adjusting means, to be obtained by 
the manipulated variables after lapse of a sufficient time, and that the corrected respective manipulated variables are 
delivered to said respective thickness adjusting means. 

[0070] The control means 9 has a manipulated variable computing means 221 , manipulated variable correcting 
15 means 222 and manipulated variable delivering means 223 as shown in Fig. 8. The manipulated variable computing 
means 221 computes manipulated variables according to a predetermined control algorithm, and the manipulated 
variable correcting means 222 corrects manipulated variables when it is necessary to correct them. The manipulated 
variable delivering means 223 delivers the respective corrected values actually to the thickness adjusting means 10. 
[0071] In the manipulated variable computing means 221 , it is preferable to perform conversion processing such as 
20 filter processing for the deviation data that are differential values between the thickness distribution of the sheet 1 and 
the desired thickness distribution. For the filter processing, such a method as the moving-averaging in the same di- 
rection as the transverse direction of the sheet or the weighted-averaging with the deviation data obtained before the 
present time point can be used. 

[0072] In most cases, the number of the thickness adjusting means 10 arranged in the transverse direction of the 
25 sheet is smaller than the number of said deviation data. In such a case, the data corresponding to the respective 
thickness adjusting means are taken from the filter-processed deviation data. In this case, it is desirable to obtain 
beforehand the corresponding positions between the respective thickness adjusting means 1 0 and the deviation data. 
[0073] Furthermore, the manipulated variable computing means 221 computes the manipulated variables for the 
filter-processed deviation data reduced to as many as the thickness adjusting means, for controlling the thickness 
30 adjusting means 10. 

[0074] In the case where the sheet thickness is controlled by the above-mentioned method, it can happen that the 
manipulated variable delivered to a thickness adjusting means is excessively large or small compared with the manip- 
ulated variables delivered to near thickness adjusting means. Fig. 7 shows an example of manipulated variables 28 
delivered to respective thickness adjusting means 10. The position of each thickness adjusting means is selected as 

35 the abscissa, and the magnitude of the manipulated variable, as the ordinate. The magnitude of the manipulated var- 
iable can be, for example, the rate of time during which a certain heat quantity is delivered to the thickness adjusting 
means concerned or the magnitude of the heat quantity delivered to the thickness adjusting means concerned during 
a predetermined period of time. In the diagram, the manipulated variable of the thickness adjusting means of position 
x or y is excessively larger or smaller than the manipulated variables a delivered to the thickness adjusting means of 

40 the near positions x - 1 and x + 1 , or y - 1 and y + 1 . 

[0075] The method of leveling the manipulated variables in this pattern of manipulated variables is described below. 
[0076] If the manipulated variable 21 delivered to the i-th thickness adjusting means 10, (i = 1 , 2, N) is u, and the 
measured thickness value at the position corresponding to each thickness adjusting means 10, at the moment when 
the manipulated variable is delivered is y, (i = 1 , 2, N), then the static mathematical relation between U| and Vj is; for 

45 example, as shown in formulae 1 9 and 20. The static mathematical relation refers to the relation between sheet thick- 
ness values and manipulated variables occurring after lapse of a sufficient time subsequently to the application of the 
manipulated variables to the thickness adjusting means. In the formulae, A is an interference matrix, being a matrix 
with a size of N x N expressing the interferences between individual thickness adjusting means. In formula 20, a 1 
0) is the rate at which the sheet thickness values at the positions corresponding to both the first adjacent thickness 

so measuring means change, and 02 0) is the rate at which the sheet thickness values at the positions corresponding 
to both the second adjacent thickness adjusting means change. In the above formula, the rate at which the sheet 
thickness values atthe positions corresponding to both the third and farther adjacent thickness adjusting means change 
is assumed to be 0, but ot 3 0) and rates of farther thickness adjusting means may also be considered. Furthermore, 
the values of a 1 and a 2 of respective rows can also be different from row to row. 
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Formula 19: 
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Formula 20: 
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[0077] Considered is a case where the manipulated variables of the j-th thickness adjusting means 1 Oj and respec- 
tively M thickness adjusting means on both sides, 10j. M , 10j_ M+1 , .... 10j. 1t 10^, 10^^ and 10 j+M are corrected 
40 and leveled. 

[0078] Assume that the correction rate of the manipulated variable delivered to the thickness adjusting means 1 0j is 
a and that the correction rates of the manipulated variables delivered to 2M thickness adjusting means 1 0^, 1 0j. M+1 

1 . 1 i •». 1 <Wi and 10 }+m are bj (i = -M, -M + 1 -1 , 1 , M - 1 , M). The following describes, for simplification, 

a method of correcting the manipulated variables delivered to respectively two thickness measuring means on both 
45 sides of the thickness adjusting means 10j with M = 2, but this method is applicable for cases other than M = 2 and 
cases where the numbers of thickness adjusting means on both sides of the thickness adjusting means 1 0j are different. 
In these cases, the formulae shown below can be changed as required to obtain the correction rates for leveling the 
manipulated variables. 

[0079] If corrected manipulated variables are delivered to thickness adjusting means 1 0j. 2( 10^, 10j, 10| +1 and 10^, 
so the sheet thickness values corresponding to the respective thickness adjusting means change by Ay, (i = j - 2, j - 1 , j, 
j + 1 , j + 2). If it is assumed that even if the corrected manipulated variables are applied to the thickness adjusting 
means 10^, 10^, 10j, 10 j+1 and 10j +2 , the sheet thickness values little change, the following formula holds. 
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Formula 21: 
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In the above formula, A' is the portions corresponding to the thickness adjusting means 1 0, (i = j - 2, j - 1 , j, j + 1 , j + 2) 
to be corrected in manipulated variable, extracted from A, and expresses the process model near the positions. The 
value of e , (i = 1 , 2 ( .... 5) is 0 or a finite value close to 0, preferably not more than 1 .0% of the desired sheet thickness. 
[0080] As a method for obtaining b t when a is given, it is preferable to solve the following formulae 22 through 24 
with 6|= 0(1=1,2, ...,5). Furthermore, a recurrence formula can be solved with ej (i = 1.2, 5) assumed to be infinite, 
or a recurrence formula can be solved with e ( (i = 1 , 2, 5) assumed to be close to 0. 



Formula 22: 
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In the above formula, A" + is a quasi-inverse matrix of A" and can be obtained from formula 23. 
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Formula 24 j 
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*5 The above formulae 22 through 24 can be generalized into the following formulae 25 and 26. 
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Formula 25: 
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Formula 26: 
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A" + is a quasi-inverse matrix of A", and A" Is a matrix obtained by extracting the portion of (j + M2, j + M2) from the 
elements (j - M1 , j - M1) of matrix A and excluding the j-th column of A. 

[0081] If the above formulae are solved, the correction rates of the manipulated variables can be derived and the 
manipulated variables can be leveled with the sheet thickness little changed. 

[0082] In the execution of leveling, it is preferable that the correction rate a of the manipulated variable applied to 
the j-th thickness adjusting means is not larger than 10% of the manipulated variable applied to the j-th thickness 
adjusting means. In the case where 1 0% or more of correction is needed, it is preferable to carry out the leveling plural 
times by several percent each. In this case, it is desirable that the leveling subsequent to the completion of one time 
of leveling is carried out after the sheet thickness becomes stable. 

[0083] As for the timing of leveling, after the control computation has produced the manipulated variables to be 
delivered to the respective thickness adjusting means, the correction rates can be added to the manipulated variables. 
Alternatively the correction rates can be obtained after the manipulated variables have been applied to the thickness 
adjusting means before the next manipulated variables are delivered, and added to the manipulated variables obtained 
in the next control computation, to deliver the corrected manipulated variables to the thickness adjusting means. 
[0084] An example of automatically leveling during thickness control is described below based on Fig. 9. The following 
also describes, for simplification, a method of correcting the manipulated variables of the respectively two thickness 
adjusting means on both sides of a thickness adjusting means 10 with M1 = M2 = 2 in formula 25. 
[0085] At first, the control means 9 computes manipulated variables u k (k = 1 , 2, N) (step 1 ). Then, the difference 
D k (= u k+1 - u k ) between the manipulated variable u k delivered to the thickness adjusting means 10 k at every position 
k and the manipulated variable u k+1 delivered to the thickness adjusting means 1 0 k+1 at position k + 1 is obtained (step 
2). 

[0086] In step 3, the respective absolute values of D k and D k+1 are compared with a predetermined threshold value, 
and the signs of D k and D k+1 are examined. 

[0087] Then, if the absolute values of D k and D k+1 are larger than the predetermined threshold value and D k and 
D k+1 are different in sign, that is, if the manipulated variable applied to the thickness adjusting means of position k + 
1 is excessively larger or smaller than the manipulated variables applied to both the adjacent thickness adjusting 
means, then a correction rate a, the magnitude of which is not larger than 10% of the manipulated variable applied to 
the thickness adjusting means 1 0 k+1 at position k + 1 , Is applied to make the difference smaller, and the correction 
rates b, (i = k- 1, k, k + 2, k + 3) delivered to the near thickness adjusting means 10 k . 1r 10 k , 10 k+1> 10 k+2 and 10 k+3 are 
obtained based on the formula 26 (step 4). Then, the correction rates are applied to the corresponding manipulated 
variables (step 5). 

[0088] Subsequently, with the position changed from k to k = k + 2M + 1 (step 6), that is, for the thickness adjusting 
means adjacent to the position apart enough not to doubly correct manipulated variables, steps 3 through 5 are carried 
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out. 

[0089] The above steps are repeated till k^Nis reached (step 7), and the corrected manipulated variables are 
actually delivered to the thickness adjusting means (step 8). 

[0090] Other methods of deciding the positions of the thickness adjusting means, the correction rates of which are 
5 obtained based on D k , include a method of deciding for a predetermined number of adjusting means selected in the 
descending order of absolute value of D k and a method of deciding based on the absolute value of the product of 
adjacent differences D k or the sum of the absolute values of adjacent differences D k , etc. 

[0091] In the above method, the correction rate a can be set at a constant rate to the manipulated variable to be 
corrected, or can also be derived in response to the difference between the manipulated variables of adjacent thickness 
10 adjusting means, i.e., based on the magnitude of D ( . 

[0092] Furthermore, in addition to said a, bj can also be given beforehand like a, to derive other correction rates. 
[0093] In the above method, leveling is carried out every control cycle, but can also be carried out intermittently. 
[0094] Another method for leveling a pattern of manipulated variables is described below. 

[0095] In the case where the number of thickness adjusting means is N (N: a natural number of 2 or more), it is also 
15 preferable to correct the manipulated variables delivered to consecutive M thickness adjusting means (M: a natural 
number of 2 to N) based on a process model that expresses the relation between the manipulated variables to be 
delivered and the sheet thickness values to be obtained by the manipulated variables, in order to minimize the disper- 
sion of the manipulated variables to be delivered to said consecutive M thickness adjusting means among the manip- 
ulated variables of the N thickness adjusting means. 
20 [0096] If the manipulated variables to be delivered to the consecutive M (M ^ N) thickness adjusting means 1 0j (i = 
1, 2, .... M) among the N thickness adjusting means are u\ and the sheet thickness changes corresponding to the 
respective thickness adjusting means 10, at the moment when the manipulated variables are delivered are y', (i = 1 , 
2, .... M), then the process model can be expressed by Y'= B'tT. That is, the static mathematical relation between u', 
and y', is as shown, for example, by formulae 27 and 28. 
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Formula 28: 
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[0097] In the above formulae, A' is an interference matrix, being a matrix with a size of MxM expressing the inter- 
ferences between individual thickness adjusting means. In formula 28, p 1 0) is the rate at which the sheet thickness 
values atthe positions corresponding to both the first adjacent thickness measuring means change when a manipulated 
variable is changed at a certain thickness adjusting means, and p 2 0) is the rate at which the sheet thickness values 
at the positions corresponding to both the second adjacent thickness adjusting means change. In the above formula, 
the rate at which the sheet thickness values at the positions corresponding to both the third and farther adjacent thick- 
ness adjusting means change is assumed to be 0, but p 3 0) and the rates of farther thickness adjusting means may 
also be considered. Furthermore, the values of p 1 and p 2 of respective rows can also be different from row to row. 
[0098] A method of correcting the manipulated variables to be delivered to the consecutive M thickness adjusting 
means for leveling the manipulated variables is described below based on Fig. 10. 

[0099] The manipulated variables (u' 1( u* 2 , .... u' M ) T not yet corrected and to be delivered to the respective thickness 
adjusting means 1 0j are considered as vector U\ 

[0100] At first, M pairs of eigenvalues X, (i = 1 , 2, M) and eigenvectors v, (i = 1 , 2, M) of the interference matrix 
A' are obtained (step 1). Furthermore, the magnitudes of the eigenvectors are normalized to 1. In this case, A 1 is a 
square matrix of M x M, and assumed is rank (A 1 ) = M. 

[0101] In this case, U can be expressed as follows, as the linear combination of eigenvectors v,. 



40 



45 



Formula 29: 



50 



55 



In the above formula, a, is coefficients expressing the degrees at which eigenvectors v, are contained in U\ and is 
obtained from the following formula (step 2). 

Formula 30: 
( a i a 2 - *m) T =( v i v 2 " v m)'^ u 

[01 02] In this case, the change of thickness y', by the change of manipulated variables u can be expressed as follows 
using v h \ and a h 
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Formula 31: 

10 [0103] Components relatively small in the magnitude of the product la^l of coefficient a { and eigenvalue A,, of the 
eigenvectors v, are targe in the influence on the dispersion of manipulated variables and small in the influence on the 
sheet thickness. So, even if a^, = 0 is assumed, the magnitude of sheet thickness Y* little changes. 
[0104] Then, la,^! is evaluated with a preset threshold value (0 < < 1), and if the following equation is satisfied, 
assumed is a i = 0 (steps 3 through 5). 

15 

Formula 32: 
\a,X\<max /la^JJ-T, 

20 

.where maXj(lajXjl) is the maximum value of \afa\ (j = 1, 2, .... M). 

[01 05] The a, (i = 1 , 2, . . M) corrected as described above is introduced into the following formula, to derive corrected 
manipulated variable vector^" (step 6). 

25 

Formula 33: 



N 



30 




[0106] If the manipulated variables are corrected according to the above formula, the manipulated variables can be 
35 leveled with the sheet thickness little changed. If the threshold value T 1 is made larger, the degree of leveling can be 

enhanced since many kinds of frequency components can be removed from the manipulated variable vector IT, but 

the influence on the sheet thickness tends to be larger. On the other hand, if the threshold value Tj is made smaller, 

the influence on the sheet thickness can be lessened, but the degree of leveling tends to be lower. It is preferable that 

the threshold value T 1 is 0.01 to 0.5. 
40 [0107] Furthermore, instead of changing the eigenvectors v } to be removed from the manipulated variable vector IP 

while depending on a,, the manipulated variables can also be corrected using said formula 33, assuming that the a, 

corresponding to the eigenvalue satisfying the following formula is 0. 

Formula 34: 

45 

l^max,^)-^ 

where 0 < T 2 < 1 , preferably 0.01 ^ T 2 ^ 0.5. 
so [01 08] Finally, the corrected manipulated variables are delivered to the thickness adjusting means (step 7). 

[0109] In the invention, the leveling can be carried out every control cycle, but can also be carried out intermittently. 

Furthermore, carrying out the leveling in the case where a certain condition is satisfied is also a preferable mode. For 

example, it is preferable to carry out leveling in the case where the variance of the manipulated variables delivered to 

consecutive M thickness adjusting means has become larger than a preset value, or in the case where the difference 
55 between the maximum value and the minimum value of the manipulated variables delivered to M thickness adjusting 

means becomes larger than a preset value, or in the case where the difference between the manipulated variables 

delivered to adjacent thickness adjusting means becomes larger than a preset value. 

[0110] In the invention, the number M of the thickness adjusting means to be leveled is 2 to N. A case of M = N, i. 
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e. , where M is equal to the number of all the thickness adjusting means (N), is preferable since the manipulated variables 
of all the thickness adjusting means can be leveled as a package. M can also be set at any desired values smaller 
than N. In this case, since computation covers only the portions that must be leveled, computation can be simplified. 
[0111] Another preferable embodiment in which the invention is applied to the production of a plastic film is described 
5 below. 

[0112] The thickness adjusting means 10 can be any of heat bolt method, lip heater method, etc. In the heat bolt 
method, heat quantities are given to heat bolts, to change their temperatures, thereby thermally expanding or contract- 
ing them, for adjusting the gap 11 of the die 4. In the lip heater method, lip heaters are used to change the temperatures 
of the polymer, to change the viscosities of the polymer so that the amounts of the polymer extruded from the die 4 
10 can be changed to adjust the thickness values of the sheet 1 . 

[01 13] As described above, in the heat bolt method and the lip heater method, the temperature is adjusted to adjust 
the sheet thickness. 

[01 14] In the heat bolt method, if the temperature of each thickness adjusting means 1 0 is raised, the sheet thickness 
becomes thinner since the gap of the die is narrowed. On the contrary, in the lip heater method, if the temperature is 
is raised, the sheet thickness becomes thicker since the viscosity of the polymer declines to increase the amount extruded 
from the die. 

[0115] In the method of controlling the sheet thickness values by controlling the temperatures of heating type thick- 
ness adjusting means, when the temperatures are raised, the thickness adjusting means 10 are forcibly heated, for 
example, by applying electric powers as described above, but when the temperatures are lowered, the thickness ad- 

20 justing means 10 are naturally allowed to cool in most cases. 

[01 1 6] In the above-mentioned method, the change of the sheet thickness with the lapse of time when the temperature 
is raised is different from that when the temperature is lowered. Compared with the case of raising the temperature, 
the change of the sheet thickness with the lapse of time occurs slowly when the temperature is lowered. 
[01 17] So, in the case where heating type thickness adjusting means are used and where the manipulated variables 

25 are controlled by controlling the heat quantities applied to the heating type thickness adjusting means, it is preferable 
that the variations of the heat quantities are made larger when the heat quantities are decreased than when they are 
increased. 

[0118] In the control means 9 of this embodiment, as shown in Fig. 4, the manipulated variable computing means 
21 computes the heat quantities 23 based on the differential values 25 between the measured thickness values 24 
30 and the desired thickness values of the sheet 1 , and the computed heat quantities are applied to the thickness adjusting 
means 10 of the sheet production process 26. In many cases, since electric heaters are used, the heat quantities are 
given as electric currents applied to the heating type thickness adjusting means. 

[0119] The control means 9 computes the heat quantities based on the filter-processed deviation data reduced to 
as many as the number of the thickness adjusting means, to control the thickness adjusting means 10. 
35 [0120] The changes of sheet thickness caused when the temperatures of heat bolts or lip heaters are changed, and 
the method of computing the heat quantities in the invention are described below. 

[0121] As described before, in the heat bolt method, if the temperatures of the thickness adjusting means 10 are 
raised, the sheet thickness values become smaller since the gap of the die become smaller. On the contrary, in the 
case of viscosity method, if the temperatures are raised, the sheet thickness values become larger since the viscosities 

40 of the polymer are lowered to increase the amounts extruded from the die. 

[0122] The changes of sheet thickness with the lapse of time in the case of heating the thickness adjusting means 
10 and in the case of cooling them in the heat bolt method are described below in reference to Fig. 12. To heat the 
thickness adjusting means 10, the heat quantities applied to the thickness adjusting means are increased. On the 
contrary, in the case of cooling the thickness adjusting means 1 0, the heat quantities applied to the thickness adjusting 

45 means are decreased. 

[0123] Fig. 12 is a schematic diagram showing the change 31 of sheet thickness with the lapse of time in the case 
of heating a heat bolt and the change 30 of sheet thickness with the lapse of time in the case of cooling the heat bolt, 
with the same heat quantity variation given in reverse directions. It can be seen that the change of sheet thickness in 
the case of cooling the heat bolt is slow compared with that in the case of heating the heat bolt. 
50 [0124] Furthermore, Fig. 13 shows a schematic diagram showing the changes of sheet thickness with the lapse of 
time with the heat bolt cooled with a large heat quantity and a small heat quantity. 

[0125] It can be seen that the sheet thickness change 35 in the case of a large heat quantity is faster than the sheet 
thickness change 36 in the case of a small heat quantity. 

[0126] Fig. 13 also shows the sheet thickness change 37 with the lapse of time in the case where the heat quantity 
55 is small and where the time constant of the process is small i.e. the sheet thickness changes quickly. When a certain 
time 34 has elapsed after a heat quantity is applied to the thickness adjusting means 1 0, the sheet thickness variation 
is the same as that in the case where the heat quantity is large. 

[0127] Therefore, if the certain time 34 is a control cycle, it can be considered that the same sheet thickness change 



21 



EP1 319 492 A1 



as that in the case where the time constant is small occurs in this control cycle if the heat quantity is made larger. That 
is, as shown in Fig. 11 (a), if the basic heat quantity computing means 211 computes the variation of heat quantity 
(basic heat quantity) to be given on the assumption that the responsiveness during cooling is the same as that during 
heating in defiance of actually asymmetric responsiveness, and the heat quantity for control is obtained to ensure that 
5 the variation becomes ytimes(y> 1), then the responsiveness in the case of cooling the heat bolt can be improved. In 
this case, the heat quantity in the case of cooling a heat bolt is made larger in reference to the case of heating the heat 
bolt, but on the contrary, the heat quantity in the case of heating the heat bolt can be made smaller in reference to the 
case of cooling the heat bolt (first mode). 

[0128] Furthermore in Fig. 12, if the sheet thickness variation 33 in the case of heating the bolt occurring when a 
10 certain time 34 has elapsed after the application of a heat quantity to the thickness adjusting means 1 0 is compared 
with the sheet thickness variation 32 in the case of cooling the bolt, it can be seen that the sheet thickness variation 
33 in the case of heating the bolt is larger. 

[01 29] So, in the case where a heat quantity is obtained based on the differential value between a measured thickness 
value and the desired value and where a control method of making the variation of heat quantity larger when the 

is differential value is larger is employed, as shown in Fig. 11 (b), if the control differential value computing means 213 
converts the differential value during cooling to ensure that the differential value during cooling becomes a times (a > 
1) that during heating, for making the differential value for control beforehand, and subsequently the heat quantity 
computing means 214 computes the heat quantity as ordinary control computation, then the variation of heat quantity 
becomes large, and the responsiveness in the case of cooling the bolt can be enhanced as in the first mode (second 

20 mode). 

[0130] Also In this case, on the contrary, in the case of heating, the control differential value between said measured 
value and said desired value used for cooling can be multiplied by p (0 < p < 1), to obtain the heat quantity and it can 
be applied to the heating type thickness adjusting means (third mode). 

[0131] It is desirable that the above a, p and y are decided considering the process gains, time constant of heating/ 
25 cooling and control cycles. Furthermore, a, p and yean also be variable depending on the magnitudes of the differences 

between desired thickness values and measured thickness values, instead of being constant values. 

[0132] In the above example, added is a means of making asymmetric, the input or output of a control system that 

performs ordinary symmetric computation. However, the control system can be constituted to allow the computation 

of such asymmetric control output. 
30 [0133] A further other preferable embodiment in which the invention is applied to the production of a plastic film is 

described below. 

[01 34] In the equipment of producing a sheet such as a film, the sheet is wound around a winder, and slight roughness 
of the sheet in the transverse direction can cause a winding mound as shown in Fig. 15. 

[0135] In the prior art, to prevent the occurrence of such a winding mound, an oscillator is installed upstream of the 
35 winder, to oscillate the sheet in the transverse direction, i.e. , crosswise while the sheet is wound. If the sheet is oscillated 
crosswise to move thick portions crosswise in the transverse direction like this, the occurrence of a winding mound 
can be prevented. 

[0136] If the sheet is wound while being moved crosswise as described above, the wound sheet cannot be uniform 
at the edges, and the winding looks awkward. In addition, there is a problem that the process into the secondary product 
40 is inconvenienced. 

[01 37] So, it is preferable to measure the thickness distribution of the sheet in the transverse direction, to obtain the 
integral values of the differences between the measured thickness distribution values and the first target values preset 
based on the desired outer diameter profile of the produced roll, to correct the second target values at respective 
portions in the transverse direction based on the integral values, and to control the manipulated variables applied to 
45 the thickness adjusting means using said evaluation function to lessen the differences between the second target 
values and the measured sheet thickness distribution values. 

[0138] The action of the control means 9 is described below in detail in reference to Fig. 14. At first, an integrating 
circuit 41 integrates the deviations 44 between the measured thickness values 24 of the sheet formed according to 
the sheet production process measured by the thickness gauge 8 at the respective measuring positions after a given 

50 measuring start point, and the first target values 42 at the positions corresponding to the measured thickness values. 
[01 39] It Is desirable that the values per sheet obtained by converting the desired outer diameter profile in the trans- 
verse direction of the produced roll are used as the first target values 42. The outer diameter profile can be, for example, 
flat or drum-shaped in the transverse direction, and any profile desired by the user can be set. 
[0140] Then, a second target value correcting means 40 corrects the second target values at the positions corre- 

55 sponding to the integral values based on the integral values. As the second target values, for example, the desired 
thickness values of one sheet can be set. For correction, the second target values can be corrected at rates proportional 
to the magnitudes of the integral values, or PI D control or the like can be used. In this case, it is desirable that an upper 
limit value and a lower limit value are preset for the second target values, to prevent that the second target values are 
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corrected beyond the upper or lower limit value. 

[0141] The manipulated variable computing means 21 derives the manipulated variables for the thickness adjusting 
means 10 in order to lessen deviations between said corrected second desired values 43 and the measured thickness 
values 24 using said evaluation function. However, it is preferable to filter-process the deviation data 25 beforehand. 
s For the filter processing, such a method as the moving-averaging in the same direction as the transverse direction of 
the sheet or the weighted-averaging with the deviation data obtained before the present time point can be used. It is 
desirable to decide the manipulated variables depending on the situations in the production process, for example, to 
correct large thickness irregularity immediately after start of sheet production and to correct small thickness irregularity 
during stable production. 

10 [0142] Furthermore, in most cases, the number of the thickness adjusting means 10 disposed in the transverse 
direction of the sheet is smaller than the number of measured deviation data. In such a case, the data corresponding 
to the respective thickness adjusting means are taken from the filter-processed deviation data. The data can be obtained 
using a function of thickness distribution and the fitting of the least square method, etc. When the number of measured 
data is sufficiently large, the corresponding data can also be obtained by simply thinning out. In this case, it is desirable 

is to obtain the corresponding relation between the respective thickness adjusting means 1 0 and the measured thickness 
values 24 beforehand. 

[0143] Then, the manipulated variable computing means 21 computes the manipulated variables 23 based on the 
filter-processed deviation data reduced to as many as the number of the thickness adjusting means, and the manipu- 
lated variable delivering means 22 delivers the manipulated variables 23 to the thickness adjusting means 10 of the 

20 sheet production equipment 26. 

[0144] In the above method, all the number of the first desired values 42, the number of the second desired values 
43, the number of measured thickness values 24, and the number of deviation data 44 and 25 are equal to the number 
of the thickness values measured by the thickness gauge 8, and the manipulated variable computing means 21 takes 
the values of the positions corresponding to the respective thickness adjusting means 1 0 and computes the manipulated 

25 variables based on these values. However, the first desired values 42, the second desired values 43, the measured 
thickness values 24 and the deviation data 44 and 25 can also be reduced to only the data of the positions corresponding 
to the respective thickness adjusting means 10 beforehand. Furthermore, since the correction of the second desired 
values is not necessarily carried out frequently, when the integrating means 4 integrates the differences from the first 
desired values, it is not necessary to use the latest values at that moment. Therefore, the values measured at an 

30 adequately less frequency can be used, or the values measured by any other means than that for the measured values 
used in the manipulated variable computing means 21 can also be used. Moreover, the correction of second desired 
values can also be carried out at longer cycles. 

[0145] Furthermore, depending on the characteristics peculiar to the process, it can happen that the first desired 
values are different from the outer diameter profile of the produced roll. In such a case, if the outer diameter profile in 

35 the transverse direction of the produced roll is measured and the first desired values are corrected based on the 
measured values, then the outer diameter profile of the produced roll can be improved. The outer diameter profile can 
be measured using a stylus method or laser displacement meter, etc. Since the winding diameter is small when little 
time has passed after start of winding, the velocity of increasing the winding diameter is wound more than when a 
certain time has passed after start of winding. So, when the winding . diameter is small, the thickness irregularity affects 

40 the profile of the produced roil greatly. Therefore, if the correction rates of the second desired values are made smaller 
as the winding diameter of the sheet becomes larger, the sheet can be produced without being affected by the winding 
diameter. 

[0146] Furthermore, in the sheet production process, there is a case where after a roll with a length as long as integer 
times a certain length is produced and slit, and each of the slit rolls is rewound into plural rolls each having said certain 

45 length. In this case, it is preferable that the profiles of all the produced rolls are good. Therefore, in the case where 
plural rolls each having a certain length are rewound from one produced roll, it is preferable to integrate and reset for 
every said certain length, and to newly obtain the integral values of the differences between the measured values and 
preset first desired values. The winding length till resetting is not required to be always constant, and the resetting can 
be carried out whenever any adequately necessary predetermined value has been reached. 

so [01 47] One of the causes to worsen the winding appearance of a roll is the thickness irregularity of the sheet. However, 
the conventional thickness irregularity decreasing technique as described above has various problems. The inventors 
studied intensively and as a result found that if a specific component of sheet thickness irregularity is selectively de- 
creased, a slightly wrinkled or streaked roll with a good roll form can be obtained without changing the properties of 
the sheet with high productivity sustained. Particularly, the thickness profile in the transverse direction of the sheet is 

55 measured and Fourier-transformed into a power spectrum resolved into wave numbers, and the sheet thickness is 
controlled to ensure that the mean value X1 of the powers of smaller than a predetermined wave number a becomes 
0.2 x T 2 or less and not larger than the mean value X2 of the powers of wave number a and more in said power 
spectrum. According to a study of the inventors, the influence of the component of smaller than a specific wave length 



23 



EP 1 319 492 A1 



on the winding appearance is large, and If the mean value X1 of the powers of smaller than said wave number a is 0.2 
x T* or less, the irregularity of the winding appearance of the roll formed by winding the sheet can be kept very small. 
In this case, T is the mean thickness (u.m) of the sheet. It is preferable that X1 is 0.1 x T 2 or less. Furthermore, if the 
mean value X2 of the powers of said wave number a and larger is larger than the mean value X1 of said powers, high 
5 productivity can be sustained without changing the properties of the sheet. A range of X1 ^ 0.5 x X2 is preferable, and 
a range of X1 ^ 0.2 x X2 is more preferable. 

[01 48] The predetermined wave number a can be set depending on the kind of the sheet and production conditions, 
and it is preferable that the wave number is any optional value selected in a range from 3 nr 1 to 30 rrr 1 . The low 
frequency component of smaller than this wave number worsens the winding appearance of the roll since the thickness 
10 irregularity is accumulated. On the other hand, the high frequency component of larger than this wave number does 
not affect the winding appearance of the roll so much. 

[01491 The invention is described below in reference to drawings based on an embodiment where the invention is 
applied to the production of a plastic film. 

[01 50] The method of measuring the thickness profile of a plastic film (hereinafter simply called the film) in the trans- 
15 verse direction is as described below. For example, several sheets to tens of sheets are cut out from optional winding 
layers of a produced roll, and the thicknesses of discretely sampled portions can be measured, for example, using a 
contact measuring instrument. It is preferable that the sampling intervals are 1 mm or less. Furthermore, the meas- 
urement can also be carried out at different positions in the longitudinal direction of the film, to average the power 
spectra obtained in the respective times of measurement. 
20 [0151] The obtained thickness profile of the sheet in the transverse direction are Fourier-transformed according to 
the following formula, to obtain the power spectrum P of the respective wave numbers. 

P= F(a))F(a))* 

25 

F(a>) -//(*)*-**<** 

30 

where f(x) is the thickness profile of the sheet in the transverse direction (in urn); F(w) is the Fourier transform of f(x); 
x is a position in the transverse direction of the sheet (in ujti); o> (in nrr 1 ) is a wave number; and F(o>)* is a conjugate 
complex number; and j is an imaginary number, and j 2 = -1. 

[0152] The mean value X1 of the powers of a predetermined wave number a and larger and the mean value X2 of 
35 the powers of smaller than the wave number a are obtained as described below. That is, X1 is the mean value of the 
powers whose wave number is more than 0 and smaller than the wave number a, and shows the degree to which the 
thickness irregularity of the low frequency component is contained in the film. X2 is the mean value of the powers of 
the predetermined wave number a and larger, and shows the degree to which the thickness irregularity of the high 
frequency component is contained in the film. The upper limit of the wave number computed when X2 is obtained can 
40 be the upper limit of the obtained power spectrum. However, if too high wave numbers are included in the computation, 
noise may be contained. So, it is preferable that X2 is the mean value of the powers of the predetermined wave number 
a to 100 m* 1 , and it is more preferable that X2 is the mean value of the powers of the predetermined wave number a 
to 40 nr 1 . 

[0153] It is preferable that the predetermined number a is equal to 1/(an interval between respectively adjacent 
45 thickness adjusting means x the stretching ratio of the sheet in the transverse direction). The thickness irregularity of 
wave numbers of larger than it little affects the winding appearance of the roil and the control by the thickness adjusting 
means becomes difficult. 

[0154] If the film is oscillated when wound, the influence of thickness irregularity can be further decreased. The 
oscillation means to reciprocate the roll as a wound film in the transverse direction of the roll when the film is wound. 

so If the film is oscillated especially in an amplitude range of 0.5 x (1/wave number a) ^ (Oscillation amplitude) i5x 
(1/wave number a), when wound, the thickness irregularity of high wave numbers little affects the winding appearance. 
[0155] If the sheet production process of the invention using the above-mentioned control action computation is 
used, the sheet thickness can be controlled to have a desired thickness profile quickly at high accuracy. Thus, the low 
frequency component in the thickness irregularity of the sheet can be efficiently removed. 

55 [0156] The respective actions of the control means in the above embodiments can be realized by means of a com- 
puter, a program for causing those actions, etc. The program and the data of various storing means can be distributed 
by tangible media available for computer reading such as floppy disc, MO and CD-ROM and transmission means such 
as wired or wireless network. 
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[0157] Examples in which the invention is used to produce sheets are described below. 
Example 1 



5 [01 58] The sheet production equipment shown in Fig. 2 was used to produce a 2.7 u.m thick polyester film. The width 
of the produced film was 3.5 m, and the film forming speed in the product portion was 1 75 m/min. Each of the thickness 
adjusting means 10 was a heat bolt containing a cartridge heater for thermally expanding and contracting the bolt, 
thereby adjusting the gap 1 1 . The number of heat bolts used for thickness control was 45. The thickness gauge 8 used 
was a light interference type thickness gauge using the interference phenomenon of light described in JP, 4-522, B. 

10 The thickness gauge can measure the film thickness at 15 mm intervals in the transverse direction of the film while 
scanning at cycles of 60 seconds in the transverse direction of the film. The control interval were 60 seconds equal to 
the scanning cycles of the thickness gauge. 

[01 59] The process model of formula 1 was decided as shown by the following formula, based on the sheet thickness 
changes near the measuring position corresponding to one heat bolt to which a predetermined manipulated variable 
15 was applied. In this example, a manipulated variable refers to the rate of time during which a heat quantity is applied 
to each heat bolt. 



20 



Equation 35: 
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[0160] Furthermore, the L, P and m of formula 10 were 0, 1 0 and 7 respectively, and coefficients X { (i = 1 , 2 P) 

and V, (i = 1 , 2, m) of the evaluation function J were set at 1 .0 and 0.8 respectively. 

[0161] At first, manipulated variables were applied to plural heat bolts to intentionally make thickness irregularity 
^0 (obtained by dividing the difference between the maximum value and the minimum value of thickness by a mean 
thickness value), and the thickness of the film was controlled according to the method of the invention. 
[0162] Furthermore, for comparison, thickness irregularity of a similar same degree was made, and the thickness of 
the film was controlled according to conventional control (PID control). 

[0163] Fig. 16 shows the control result of PID control, and Fig. 17, the control result of the method of the invention. 
<5 in Fig. 16, in control of about 30 minutes, the thickness irregularity was improved from 8.4% to only 7.4%, but in Fig. 
17, similarly in control of about 30 minutes, the thickness irregularity was improved from 9.1% to 1.4%. It could be 
confirmed that when the method of the invention was used, the sheet thickness could be controlled to have a desired 
profile quickly at good accuracy. 



50 Example 2 

[0164] Thickness irregularity of a similar degree to that of Example 1 was made. Immediately after start of control 
when the thickness irregularity was still high, coefficients X, (I = 1, 2, P) and ¥,(1=1,2, .... m) of the evaluation 
function J were set at 1 .0 and 0.5 respectively to keep the contribution of ¥ relating to the manipulated variables small, 
55 for applying large manipulated variables, and when the thickness irregularity became 5%, the respective coefficients 
were changed to 1 .0 and 0.8 respectively. As a result, the thickness irregularity could be improved faster than in Example 
1. 
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Example 3 

[0165] The range of respectively 35% on both sides of a center in the transverse direction of a film was defined as 
the central portion, and the remaining ranges of 15% each on both sides, as the edge portions. Predetermined manip- 

5 ulated variables were applied to respectively optional heat bolts in the central portion and the edge portions. When the 
sheet thickness values near the sheet thickness measuring positions corresponding to the respective heat bolts became 
stable, the sheet thickness distribution was referred to for deciding the a A and as a-, = 0.6 and a 2 = 0.2 in the central 
portion and a 1 = 0.7 and 02 = 0.3 in the edge portions. Thickness irregularity of a similar degree to those of Examples 
1 and 2 was made in the entire width of the sheet, and the method of the invention was applied to control the film 

10 thickness. As a result, the thickness became more uniform over the entire width of the film than in Examples 1 and 2, 
and the film could be formed stably. 

Example 4 

15 [01 66] The sheet production equipment shown in Fig. 2 described above was used to produce a 2.7 urn thick polyester 
film. Each of the thickness adjusting means 10 was a heat bolt containing a cartridge heater for thermally expanding 
and contracting the bolt, thereby adjusting the gap 11 . The number of heat bolts used for thickness control was 45, 
and the respective bolts were arranged at a pitch of 20 mm. The thickness gauge 8 used was a light interference type 
thickness gauge using the interference phenomenon of light. The width of the produced film was 3.5 m, and the film 

20 forming speed in the product portion was 1 75 m/min. 

[0167] In this example, to make a process model at first according to the control means design flow of Fig. 5, the 
manipulated variables of optional heat bolts were changed step-wise to measure the changes of thickness, as step 
response test. The step response test was carried out in the edge portions and the central portions to measure the 
changes of thickness. As a result, it was found that: 

25 

(1) The process gains were smaller in the edge portions than in the central portion. 

(2) The interference rates were different in the edge portions and the central portion, 

(3) It was suitable that the central portion accounted for 70% of the entire width while the edge portions accounted 
for 15% each. 

30 

[0168] The measured values were as shown in Table 1 . 



Table 1 





Central portion 


Edge portions 


Process gain 


0.05um/% 


0.03nm/% 


Interference rate 


Controlled position 


1.0 


1.0 


First adjacent positions 


0.6 


0.7 


Second adjacent positions 


0.2 


0.3 


Delay time Td 


80 sec 


Time constant T 


1 60 sec 



45 [0169] In the above, a process gain refers to the rate of the sheet thickness changes to the manipulated variable 
changes applied to a heat bolt. The manipulated variable of a heat bolt is the percentage of the time during which a 
certain electric power is supplied to the heat bott, to a certain period time (10 seconds). Therefore, the unit of a process 
gain is ujtt/%. 

[0170] An interference rate expresses the change of the sheet thickness at the positions correspond to a certain 
so operated heat bolt, and a first adjacent position or second adjacent position of the bolt caused when said heat bolt is 
operated, with the change at the position correspond to the operated heat bolt as 1 . 

[0171] Based on the results of the step response test, in this example, a process model different in two process 
parameters of process gain and interference rate between the edge portions and the central portion was prepared. 
[0172] That is, the static mathimatical relation between the thickness change Yi at the position corresponding to each 
55 heat bolt and the manipulated variable change Ui applied to the heat bolt in the central portion is expressed by the 
following formula 
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Yi = 0.05* (0.2Ui-2+0.6Ui-1+Ui+0.6UI+1+0.2Ui+2) (1) 
and that in the edge portions, by the following formula 

5 

Yi = 0.03* (0.3Ui-2+07UI-1+Ui+0.7Ui+1+0.3Ui+2) (2) 

where 

10 Ui: Manipulated variable change of i-th position heat bolt [%] 
Yi: Thickness change at the corresponding position [u.m] 

[0173] Furthermore, it was assumed that time constant T and dead time Td existed as dynamic characteristics of 
the process model. The time constant T and the delay time Td were identified from the step response test. In this 
example, as shown in Table 1 , equal values were obtained for the edge portions and the central portion. 

15 [0174] Fig. 1 8 shows the control result of sheet thickness obtained when the thickness of the plastic film produced 
using the controller decided based on the process model described above was stabilized after lapse of sufficient time. 
The control range was from No. 1 1 bolt to No. 52 bolt (corresponding to the positions of 600 mm and 31 0 mm from the 
edges of the produced film), and the central portion ranged from No. 18 bolt to No. 45 bolt. As shown in the diagram, 
the thickness became uniform over the entire width, and the film could be formed stably. 

20 [0175] On the other hand, Fig. 19 shows the control result of sheet thickness obtained when the plastic film was 
produced using the controller decided based on a process model having 

Yi = 0.05* (0.2Ui-2+0.6UM +Ui+0.6Ui+1 +0.2Ui+2) (3) 

25 

in the entire width. While the actual process gains in the edge portions were small, the gains of the control system 
were adapted to the central portion. So, the entire gain became insufficient, and the thickness control stability was 
poor. Even after lapse of sufficient time, thickness irregularity remained. 

30 Example 5 

[0176] An example in which the invention was used to produce a plastic film is described below. 
[0177] The production equipment shown in Figs. 2 and 3 with a die 4 having 40 heat bolts used as the thickness 
adjusting means 10 was used to produce a plastic film. 
35 [0178] A manipulated variable in this example refers to the rate of time during which a heat quantity is applied to a 
heat bolt, per predetermined period of time. 

[0179] For components of the interference matrix of formula 20, the film production process was analyzed to set a, 
= 0.75 and 02 = 0.35. 

[0180] The leveling was carried out automatically as shown in Fig. 9. The threshold value T in step 3 of Fig. 9 was 
40 set at 15%, and the correction rate a was set at -5%. The thickness adjusting means corrected at a time were one 
thickness adjusting means greatly different in the manipulated variable from both the adjacent thickness adjusting 
means, and the respectively two adjacent thickness adjusting means on both sides of it, five thickness adjusting means 
in total. 

[0181] With £| = (t = 1, 2, 5) in formula 21 , a pseudo-inverse matrix was used for leveling as shown in formulae 
45 22 through 24. 

[0182] D, was obtained for each manipulated variable, and when it satisfied ID { I >T = 15, ID M I >T = 15 and D, x D M 
< 0, the correction rate of the manipulated variable was obtained according to formula 22. 

[01 83] The pattern of manipulated variables at a certain time point during the sheet thickness control was as shown 
in Fig. 20, and the pattern of the differential values between the manipulated variables delivered to adjacent thickness 

50 adjusting means was as shown in Fig. 21 . In Figs. 20 and 21 , the magnitude of the manipulated variable is chosen as 
the ordinate of this graph, and it expresses the rate of the time during which a certain heat quantity is delivered to a 
heat bolt, per predetermined period of time. The value of the manipulated variable at position i + 1 projects by about 
20% compared with the values of both the adjacent positions. In Fig. 21 , IDj! and ID j+1 l are larger than the threshold 
value and different in sign. So the manipulated variable 40 (= u, +1 ) was leveled. As a result, in formula 22, the correction 

55 rates b, became b 1 = b 4 = -1 .0% and b 2 = b 3 = 3.0% respectively. 

[0184] The calculated correction rates were added to the manipulated variables, and the sums were delivered to the 
thickness adjusting means. 

[01 85] Fig. 22 shows the change with the lapse of time, of the measured thickness value corresponding to the thick- 



27 



EP1 319 492 A1 



ness adjusting means at position i + 1 that received the manipulated variable 60. The sheet thickness little changed 
with the lapse of time. 

[01 86] For comparison, the manipulated variables were corrected to reduce the differences between the manipulated 
variable 60 and the manipulated variables of both the adjacent positions to 10% or less in the pattern of manipulated 
5 variables as shown in Fig. 20 using the method described in JP, 7-3291 47, A Gazette. The change of the sheet thickness 
with the lapse of time in this case is shown in Fig. 23. The sheet thickness changed greatly to impair the quality of the 
sheet. 

Example 6 

10 

[0187] An example in which the invention was used to produce a plastic film is described below. 

[0188] The production equipment shown in Figs. 2 and 3 with a die 4 having 38 heat bolts used as the thickness 

adjusting means 1 0 was used to produce a plastic film. 

[0189] A manipulated variable in this example refers to the rate of the time during which a heat quantity was applied 
15 to a heat bolt, per predetermined period of time. 

[0190] For components of the interference matrix of formula 28, the film production process was analyzed to set p 1 
= 0.75 and 0 2 = 0.35. 

[0191] It was decided to carry out the leveling of manipulated variables when the standard deviation of the manipu- 
lated variables delivered to the 38 thickness adjusting means was 3% or more. With M = 38 and = 0.05 in formula 

20 1 ( the manipulated variables of all the 38 thickness adjusting means were leveled to be corrected. 

[0192] The pattern of manipulated variables at a certain time point during the sheet thickness control became as 
shown in Fig. 24. The magnitude of the manipulated variable is chosen as the ordinate of this graph, and it expresses 
the rate of the time during which a certain heat quantity was delivered to a heat bolt, per predetermined period of time. 
Since the standard deviation of the manipulated variables at this moment was 3.5%, the manipulated variables were 

25 leveled. Fig. 25 shows the leveled manipulated variable pattern applied to the thickness adjusting means. As a result, 
the standard deviation of manipulated variables became 2.3%. So, the leveling could make the standard deviation of 
manipulated variables smaller. Fig. 26 shows the sheet thickness distribution before leveling, and Fig. 27, the sheet 
thickness distribution after leveling. The thickness distribution after leveling was little different from that before leveling. 
[01 93] For comparison, manipulated variables were corrected sequentially in the descending order of the magnitude 

30 of the difference between the manipulated variables of respectively adjacent thickness adjusting means, in order to 
become the difference between the manipulated variables at both the adjacent positions 7% or less in the pattern of 
manipulated variables as shown in Fig. 24 using the method described in JP07329147A. The sheet thickness distri- 
bution obtained when the standard deviation of manipulated variables became 2.3% is shown in Fig. 28. The sheet 
thickness distribution greatly changed. 

35 

Example 7 

[0194] An example in which the invention was used to produce a plastic film is described below. 

[0195] In a film production process using heat bolts, certain heat quantities were applied to plural bolts, to push or 

40 pull the bolts. The mean values 71 and 73 in the change of film thickness with the lapse of time in this case are shown 
in Figs. 29 and 30. In the diagrams, broken lines 72 and 74 are obtained by functionally approximating 71 and 73. 
Comparing the time taken for the approximation curve 72 to change from 10% of the entire variation to 90% (dotted 
lines 75 and 76 in Fig. 29) with that for the approximation curve 76 to change similarly (dotted lines 75 and 76 in Fig. 
30), the time in the case of heating (pushing) (72) is shorter than that in the case of cooling (pulling) (74) by a factor 

45 of about 1 .4. Fig. 31 shows the outer diameter profile 81 of the roll produced in this case. Since the pulling action was 
slow and insufficient, the outer diameter profile was generally thinner than the desired value. 
[0196] So the variation of a heat quantity was increased to 1.4 times in the case of cooling, to produce a film as 
described above. Fig. 31 shows the outer diameter profile 82 of the roll produced in this case. When larger heat quan- 
tities were applied in the case of cooling bolts, the responsiveness during cooling improved, and the irregularity of the 

50 outer diameter profile of the produced roll generally decreased. 

[0197] In the case where the measured values are smaller than the desired value with heat bolts used, the corre- 
sponding heat bolts are cooled. In such a case, if the differences between measured values and the desired value are 
increased to 1 ,4times, to obtain heat quantities, the irregularity of the outer diameter profile of the roll generally decrease 
as in this example. 

55 

Example 8 

[0198] An example in which the invention was used to produce a plastic film is described below. 
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[0199] The sheet production equipment shown in Fig. 2 as described above was used to produce a 2.7 urn thick 
polyester film. As the thickness adjusting means 10, heat bolts each containing a cartridge heater for thermally ex- 
panded and contracted to adjust the gap 11 were used. The number of the heat bolts used for thickness control was 
45, and the bolts were arranged at a pitch of 20 mm. The sheet width of the product portion was 3.5 m, and the stretching 

5 ratio in the transverse direction of the sheet was 3.5 times. 

[0200] For computation control of manipulated variables, a step of measuring the thickness distribution of the sheet 
in the transverse direction, a step of deriving manipulated variable time series in which a predetermined evaluation 
function for evaluating the future sheet thickness changes predicted based on said measured values and on a process 
model expressing the relation between said manipulated variables and sheet thickness values becomes a minimum 

10 value, and a step of delivering at least the first manipulated variables of said manipulated variable time series to said 
thickness adjusting means were repeated at predetermined intervals. 

[0201 ] The wound roll was divided into three rolls, and from the respective surface layers of the rolls, 1 0 sheets each 
were cut out, and the thickness of the sheets were measured by a contact film thickness gauge at 0.5 mm intervals. 
The power spectrum 90 was as shown in Fig. 32. 
is [0202] With wave number a at 1/(an interval between thickness adjusting means x stretching ratio of the sheet in the 
transverse direction) = 0.014, the mean value X1 of the powers of smaller than wave number a and the mean value 
X2 of the powers of wave number a and larger were found to be X1 = 25 and X2 = 120. X1 was sufficiently small 
compared with X2. The roll form of the roll of the film was good. 

[0203] In the above examples, heat bolts were used as the thickness adjusting means, but the thickness adjusting 
20 means are not especially limited if they suit the objects of the invention. For example, actuators such as servomotors 
or pneumatic-motors and die : bolts can also be used. The elements for changing the manipulated variables of thickness 
adjusting means can be other than energizing times and voltages, such as the rotating angles of die bolts and heater 
temperatures. 

25 INDUSTRIAL APPLICABILITY 

[0204] As described above, since the method of manufacturing sheet of the invention can control the sheet thickness 
to have a desired thickness profile at high speed, the time taken after starting the production of the sheet till a prede- 
termined thickness irregularity level acceptable as a product is reached can be shortened to remarkably reduce the 
30 quantity of non-conforming products produced in this duration and to enhance the production efficiency, thus allowing 
the sheet cost to be reduced. Furthermore, even if the thickness profile of the sheet changes, for example, since the 
temperature distribution of the stretching machine changes during film formation, it can be controlled to have a desired 
profile quickly. So, as a result, the thickness uniformity of the sheet can be improved to improve the quality of the sheet. 

35 

Claims 

1. A method of manufacturing a sheet, in which a raw material is extruded and molded into a sheet using a die with 
plural thickness adjusting means and the thickness of said sheet is controlled by controlling the manipulated var- 

40 iables applied to said thickness adjusting means, characterized by repeating, at predetermined intervals, a step 

of measuring the thickness distribution of the sheet in the transverse direction, a step of deriving manipulated 
variable time series In which a predetermined evaluation function for evaluating the future sheet thickness changes 
predicted based on said measured values and on a process model expressing the relation between said manip- 
ulated variables and sheet thickness values becomes a minimum value, and a step of delivering at least the first 

45 manipulated variables of the derived manipulated variable time series to said thickness adjusting means. 

2. A method of manufacturing a sheet according to claim 1 , wherein said predetermined evaluation function is based 
on said sheet thickness changes and said changes of manipulated variables. 

so 3. A method of manufacturing a sheet according to claim 2, wherein as said predetermined evaluation function, 
different evaluation functions are used in the beginning of production and during stable production, to ensure that 
the contribution of sheet thickness changes becomes higher relatively to the contribution of manipulated variables 
In the beginning of production than during stable production. 

55 4. A method of manufacturing a sheet according to claim 1 , wherein said process model used is expressed by a 
product obtained by multiplying a transfer function and a constant matrix in which at least the diagonal component 
is not zero. 
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5. A method of manufacturing a sheet according to claim 4, wherein constants respectively different in the portions 
corresponding to the edge portions and the central portion of the sheet in the transverse direction are used as said 
constant matrix. 

s 6. A method of manufacturing a sheet according to claim 1 , wherein the number of the thickness adjusting means is 
N (N: a natural number of 2 or more); the manipulated variable delivered to the i-th (i = 1,2, N) thickness 
adjusting means is corrected to lessen the differences between the derived manipulated variable of the i-th thick- 
ness adjusting means and the manipulated variables delivered to the thickness adjusting means near the i-th 
thickness adjusting means in the case where the said differences are not less than a predetermined value, T, while 

10 the manipulated variables delivered to said near thickness adjusting means are corrected based on a static process 

model expressing the static relation between the manipulated variables to be delivered and the sheet thickness 
values, to be obtained by them after lapse of a sufficient time; and the respectively corrected manipulated variables 
are delivered to said respective thickness adjusting means. 

15 7. A method of manufacturing a sheet according to claim 6, wherein when the correction rate of the manipulated 
variable to be delivered to said i-th thickness adjusting means is a, the correction rates bj (j = -M1 , -M1 + 1 , -1 , 
1, M2 - 1, M2) of the manipulated variables to be delivered to the M1 and M2 (M1, M2: natural numbers) 
thickness adjusting means respectively adjacent to said i-th thickness adjusting means on both sides are derived 
using the following formula: 

20 



25 



30 



35 



40 



£ M2 



-A' 



-Ml 



-J/Ul 



a 



where if A' is a matrix with a size of (M1 + M2 4- 1 ) x (M1 + M2 + 1 ) obtained by extracting the portions corresponding 
to the i-th thickness adjusting means and the (M1 + M2) thickness adjusting means respectively consecutively 
45 positioned adjacent to the i-th thickness adjusting means on both sides, from a matrix with a size of N x N ,in case 

that the static process model is presented as Y = AU, where U is the vector of the manipulated variables (u n , u 2 , .... 
u N ) delivered to N thickness adjusting means while Y is the vector of the N sheet thickness values (y.,, y 2 , .... y N ) 
corresponding to the respective thickness adjusting means; and e, (i = -M 1 , -M 1 * 1 , . ... M2 -, M2) is 0 or a finite value. 

so 8. A method of manufacturing a sheet according to claim 1 , wherein the number of thickness adjusting means is N 
(N: a natural number of 2 or more), and the manipulated variables to be delivered to consecutive M (M: a natural 
number of 2 to N) thickness adjusting means are corrected based on a static process model expressing the static 
relation between the manipulated variables to be delivered and the sheet thickness values at the position corre- 
sponding to the respective thickness adjusting means ,to be obtained by them after lapse of a sufficient time, to 

55 lessen the dispersion of the manipulated variables delivered to said consecutive M thickness adjusting means 

among the manipulated variables of said N thickness adjusting means. 

9. A method of manufacturing a sheet according to claim 8, wherein if the manipulated variables (u^, u' 2 , u* M ) T 
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delivered to said consecutive M thickness adjusting means are vector U\ the M sheet thickness values (/.,, y' 2 , 
y' M ) T corresponding to the respective thickness adjusting means are vector Y\ and said process model is expressed 

by Y' = A'U 1 (A' is a matrix with a size of M x M), then the corrected manipulated variable vector IT = (u/, u 2 " 

u M ") are derived from the following formula, using the coefficients a { (i = 1 , 2, .... M) of M eigenvectors Vj (I = 1 , 
2, .... M) of matrix A' obtained by resolving the manipulated variable vector U 1 before correction by said eigenvec- 
tors, the eigenvalues X, (i = 1 , 2, .... M) corresponding to said eigenvectors, and predetermined threshold value T 1 
(0 <^ < 1) respectively. 



ft 



a i9 (K ^ | & max y (f« > A y /) ^ ) 
0, MKnn^^T^ 



10. A method of manufacturing a sheet according to claim 8, wherein if the manipulated variables u' 2 u' M ) T 

delivered to said consecutive M thickness adjusting means are vector IT, the M sheet thickness values (y\, y' 2 , 
y' M ) T corresponding to the respective thickness adjusting means are vector Y\ and said static process model is 
represented by Y' = A'U* (A' is a matrix with a size of M x M), then the corrected manipulated variable vector U' u = 

(u/, u 2 M u M ") are derived from the following formula, using the coefficients a, (i = 1 , 2, .... M) of M eigenvectors 

v, (i = 1 , 2, M) of matrix A' obtained by resolving the manipulated variable vector IT before correction by said 
eigenvectors, the eigenvalues X, (i = 1 , 2, .... M) corresponding to said eigenvectors, and predetermined threshold 
value T 2 (0 < T 2 < 1) respectively. 



ir'-T/.fo.M-v, 




(JAjJ ^ max 
(j^l < max 



,<j\|)-r 2 ) 



11. A method of manufacturing a sheet according to claim 1 , wherein the thickness adjusting means are heating type 
thickness adjusting means; the control of manipulated variables is to control the heat quantities applied to said 
heating type thickness adjusting means; and the variations of heat quantities are made larger when the heat quan- 
tities are decreased than when the heat quantities are increased. 

12. A method of manufacturing a sheet according to claim 1, wherein the thickness distribution of the sheet in the 
transverse direction is measured; the integral values of the differences between said measured thickness distri- 
bution values and the first target preset based on the desired outer diameter profile of the produced roll are obtained; 
the second target in the respective portions in the transverse direction are corrected based on said integral values; 
and the manipulated variables applied to said thickness adjusting means are controlled based on the differences 
between said second target and the measured sheet thickness distribution values using said evaluation function. 

13. A device for controlling sheet thickness, which delivers manipulated variables obtained based on the measured 
sheet thickness values at respective portions of a sheet in the transverse direction measured by a thickness gauge 



31 



EP 1 319 492 A1 



to sheet thickness adjusting means at corresponding positions; comprising a manipulated variable time series 
deriving means for deriving manipulated variable time series in which a predetermined evaluation function for 
evaluating the future sheet thickness changes predicted based on said measured values and on a process model 
expressing the relation between said manipulated variables and sheet thickness values becomes a minimum value 
5 and a manipulated variable delivering means for delivering at least the first manipulated variables of the derived 

manipulated variable time series to said thickness adjusting means. 

14. A device for controlling sheet thickness according to claim 13, wherein said manipulated variable time series de- 
riving means uses different evaluation functions in the beginning of production and during stable production, as 

10 said predetermined evaluation function, to ensure that the contribution of sheet thickness changes become higher 

relatively to the contribution of manipulated variables in the beginning of production than during stable production. 

15. A device for controlling sheet thickness according to claim 13, wherein said process model used is expressed by 
a product obtained by multiplying a transfer function and a constant matrix in which at least the diagonal component 

15 is not zero. 

16. A device for controlling sheet thickness according to claim 13, wherein said manipulated variable time series de- 
riving means uses constants different respectively in the portions corresponding to the edge portions and the 
central portions of the sheet in the transverse direction, as said constant matrix. 

20 

17. A device for controlling sheet thickness according to claim 13, wherein the number of the thickness adjusting 
means is N (N: a natural number of 2 or more); and provided are a manipulated variable computing means for 
computing the manipulated variables applied to the respective adjusting means, and a manipulated variable cor- 
recting means for correcting the manipulated variable delivered to the i-th (i = 1 , 2, . . ., N) thickness adjusting means, 

25 to lessen the differences between the computed manipulated variable of the i-th thickness adjusting means and 

the manipulated variables delivered to the thickness adjusting means near the i-th thickness adjusting means in 
the case where the said differences are not less than a predetermined value, T, while correcting the manipulated 
variables delivered to said near thickness adjusting means based on a static process model expressing the relation 
between the manipulated variables to be delivered and the sheet thickness values at the position corresponding 

30 to the respective thickness adjusting means ,to be obtained by them after lapse of a sufficient time. 

18. A device for controlling sheet thickness according to claim 13, wherein the number of the thickness adjusting 
means is N (N: a natural number of 2 or more); and provided is a manipulated variable correcting means for 
correcting the manipulated variables delivered to consecutive M (M: a natural number of 2 to N) thickness adjusting 

35 means based on a static process model expressing the relation between the manipulated variables to be delivered 

and the sheet thickness values at the position corresponding to the respective thickness adjusting means ( to be 
obtained by them after lapse of a sufficient time, to lessen the dispersion of the manipulated variables delivered 
to the said consecutive M thickness adjusting means among the manipulated variables of N thickness adjusting 
means. 

40 

19. A device for controlling sheet thickness according to claim 13, wherein provided are an integrating means for 
obtaining the integral values of the differences between the measured thickness values of the respective portions 
of the sheet in the transverse direction and the first target preset based on a desired outer diameter profile of the 
produced roll, a second target correcting means for correcting the second target at the respective portions in the 

45 transverse direction based on the values obtained by the integrating means, and a manipulated variable computing 

means for computing the manipulated variables to be applied to the thickness adjusting means based on the 
differences between the values obtained by the second desired value correcting means and the measured sheet 
thickness values. 

so 20. A program, for letting a computer perform the action of repeating, at predetermined intervals, a step of entering 
the measured thickness values at the respective portions of a sheet in the transverse direction, a step of computing 
the differences between the target thickness values and the measured thickness values at the respective portions, 
and a step of computing the manipulated variables to be applied to thickness adjusting means based on the said 
differences at the respective portions, characterized in that the step of computing manipulated variables includes 

55 a step of deriving manipulated variable time series in which a predetermined evaluation function for evaluating the 

future sheet thickness changes predicted on said measured values and on a process model expressing the relation 
between said manipulated variables and sheet thickness values becomes a minimum value, and a step of delivering 
at least the first manipulated variables of the derived manipulated variable time series to said thickness adjusting 
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means. 

21 . A program according to claim 20, wherein when the future sheet thickness changes obtained based on said meas- 
ured sheet thickness values and on a process model expressing the relation between said manipulated variables 
s and the sheet thickness values are evaluated using a predetermined evaluation function, used is a process model 

in which the relation between the manipulated variables of the thickness adjusting means and the sheet thickness 
values In the edge portions in the transverse direction of the sheet is different from the corresponding relation in 
the central portion. 

10 22. A program according to claim 20, wherein the number of thickness adjusting means is N (N: a natural number of 
2 or more); and the step of computing manipulated variables includes a step of correcting the manipulated variable 
to be delivered to the i-th (i = 1 , 2, ... t N) thickness adjusting means , to lessen the differences between the computed 
manipulated variable of the i-th thickness adjusting means and the manipulated variables to be delivered to the 
near thickness adjusting means in the case where the said differences are not less than a predetermined value, 

is T, while correcting the manipulated variables to be delivered to said near thickness adjusting means based on a 

static process model expressing the relation between the manipulated variables to be delivered and the sheet 
thickness values at the position corresponding to the respective thickness adjusting means ,to be obtained by 
them after lapse of a sufficient time, and delivering the corrected respective manipulated variables to the respective 
thickness adjusting means. 

20 

23. A program according to claim 20, wherein the number of thickness adjusting means is N (N: a natural number of 
2 or more); and the step of computing manipulated variables includes a step of correcting manipulated variables 
based on a static process model expressing the relation between the manipulated variables to be delivered and 
the sheet thickness values at the position corresponding to the respective thickness adjusting means, to be ob- 
25 tained by them after lapse of a sufficient time, to lessen the dispersion of the manipulated variables delivered to 

consecutive M (M: a natural number of 2 or more) thickness adjusting means among the computed manipulated 
variables, and delivering the corrected respective manipulated variables to the respective thickness adjusting 
means. 

30 24. A program according to claim 20, wherein the step of computing manipulated variables includes a step of deriving 
the integral values of the differences between the measured thickness distribution values and the first target preset 
based on the desired outer diameter profile of the produced roll, a step of correcting the second target at the 
respective measuring positions based on the said integral values, a step of computing the differences between 
the target thickness values and said measured values at the respective portions, and a step of computing the 

35 manipulated variables applied to the sheet thickness adjusting means based on the differences between the second 

target values and the measured sheet thickness values. 

25. A program according to claim 20, wherein the thickness adjusting means are heating type thickness adjusting 
means; the control of manipulated variables controls the heat quantities applied to the heating type thickness 

40 adjusting means; and the step of computing manipulated variables computes the heat quantities to ensure that 

the heat quantity variations become larger when the heat quantities are decreased than when they are increased. 

26. A storage medium capable of being read by a computer, that stores the program as set forth in claim 20. 

45 27. A sheet obtained by extruding and molding a raw material using a die with plural thickness adjusting means, 
characterized in that the power spectrum of the thickness profile of the sheet in the transverse direction expressed 
by the following formula 

50 P-Fim)F[*y 



55 

(where f(x) is the thickness profile of the sheet in the transverse direction (in u,m), F(u)) is the Fourier transform of 
f(x), x is a position in the transverse direction of the sheet (in m), <o is a wave number (in nrr 1 ), and F(co)* is the 
conjugate complex number of F(o>); and j is an imaginary number, and j 2 = -1) and the mean sheet thickness T 
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(\irr\) satisfy the following relation: 

The mean value X1 of the powers of smaller than a predetermined wave number a is 0.2 x T 2 or less and is smaller 
than the mean value X2 of the powers of wave number a and larger. 

5 28. A sheet according to claim 27, wherein in the power spectrum of the thickness profile of the sheet in the transverse 
direction, the mean value X1 of the powers of smaller than a predetermined wave number a is smaller than the 
mean value X2 of the powers of wave number a to 100 m* 1 . 

29. A sheet according to claim 27, that satisfies X1 ^ 0.5 x X2. 

10 

30. A sheet according to claim 27, wherein the wave number a is 3 rrr 1 to 30 m* 1 . 

31. A sheet according to claim 27, wherein the wave number a is equal to 1/(an interval between thickness adjusting 
means x stretching ratio of the sheet in the transverse direction). 

15 

32. A sheet according to claim 27, that satisfies 0.5 x (1/wave number a) ^ (amplitude of oscillation) i5x (1/wave 
number a). 

33. A sheet according to claim 27, which is a plastic film. 

20 
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